A MONG THE SENSORY-MOTOR LOOPS that have been described, the stretch reflex illustrates the simplest and the most-widespread proprioceptive feedback system in both vertebrates 1 and invertebrates (called the resistance reflex in this group [2] [3] [4] ): when a muscle is stretched, sensory feedback causes an activation of the motoneurons innervating that muscle. Functionally, this postural negative feedback helps to maintain a given position, and for the past decade, this reflex has been studied in a number of vertebrate and invertebrate species. Recent information has shown that it can be modulated at different locations within the neural circuits. Indeed, during the past decade, a number of studies have pointed out the relationship between sensory-motor pathways and centrally generated rhythmic motor activities (for a review see Ref. 5) . The concept of a central pattern generator was initially proposed to describe populations of neurons that elaborate a basic rhythmic motor-pattern activity in the absence of any movement-related sensory feedback. First demonstrated in locust 6 , central pattern generators have subsequently been described in many invertebrate and vertebrate models (for a review see Ref. 7) . In addition to controlling motor output, central pattern generators also exert control over sensory-motor pathways in many systems. For example, during rhythmic motor activities such as walking, the 'stretch' reflex is modulated not only in intensity, but also in sign (for a review see Ref. 8) . Finally, long-term changes have recently been described for this reflex 9, 10 , making it a possible target for motor learning. A striking feature of these studies is that the central control of this reflex appears to share common properties in different vertebrate and invertebrate animal models.
The stretch reflex in the crayfish walking system has been studied for more than ten years, and a wealth of information has accumulated on the diverse sites and mechanisms involved in reflex modulation, from the cellular to the network level. This short article gives an overview of all these central mechanisms that control this reflex in the crayfish walking system, and compares these findings with those described in other systems. In addition, it presents an analysis of how these various mechanisms operate simultaneously or alternately in different states of the locomotor system, in order to ensure different behavioral functions. Modulation of the stretch reflex will be considered successively at three levels: in sensory afferents, in interneuronal pathways and in motoneurons. In addition to these immediate regulatory mechanisms, long-term modifications will be also considered.
Organization of the 'stretch' reflex
The stretch reflex is a negative-feedback system, involving proprioceptors that detect and code for the geometry and changes in position of joints. Although vertebrates, insects and crustaceans use different types of proprioceptors (Fig. 1) , this negative-feedback system obeys similar principles: proprioceptive organs, which lie in parallel with skeletal muscles, activate muscles that counteract the imposed movement.
In vertebrates, the proprioceptors involved in the reflex are the muscle spindles (Fig. 1a) , which lie within skeletal muscles, parallel to the muscle fibers, where they respond to stretch of the muscle. Muscle spindles consist of intrafusal fibers surrounded in their central region by two types of sensory endings (primary and secondary). There is usually only one primary ending in each spindle, consisting of a single group-Ia afferent axon, and only one secondary ending that consists of the branches of a single group-II afferent axon. The group-Ia afferent neurons excite the motoneurons of the same muscle monosynaptically 1 (Fig. 1a) . In insects and crustaceans, the proprioceptors involved in negative feedback are mainly chordotonal organs (Fig. 1b) , which consist of an elastic strand that crosses the joint. There is often just one chordotonal organ in each joint, located outside the skeletal muscles but parallel to one of them (see Box 1). In the elastic strand of the chordotonal organ, tens of sensory neurons Central control components of a 'simple' stretch reflex
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The monosynaptic stretch reflex is a fundamental feature of sensory-motor organization in most animal groups. In isolation, it serves largely as a negative feedback devoted to postural controls; however, when it is involved in diverse movements, it can be modified by central command circuits. In order to understand the implications of such modifications, a model system has been chosen that has been studied at many different levels: the crayfish walking system. Recent studies have revealed several levels of control and modulation (for example, at the levels of the sensory afferent and the output synapse from the sensory afferent, and via changes in the membrane properties of the postsynaptic neuron) that operate complex and highly adaptive sensory-motor processing. During a given motor task, such mechanisms reshape the sensory message completely, such that the stretch reflex becomes a part of the central motor command. 
